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[57] ABSTRACT 

Containerless high temperature calorimeter apparatus is 
disclosed for measuring high temperature thermophysi- 
cal properties of materials which includes a unique 
containerless heating apparatus wherein the specimen is 
suspended and heated by electron bombardment. 

14 Claims, 3 Drawing Figures 



















4 , 248,083 


CONTAINERLESS HIGH TEMPERATURE 
CALORIMETER APPARATUS 

ORIGIN OF THE INVENTION 5 

The invention described herein was made by employ- 
ees of the United States Government and may be manu- 
factured and used by or for the Government for Gov- 
ernmental purposes without the payment of any royal- jq 
ties thereon or therefor. 

BACKGROUND OF THE INVENTION 

Heretofore, calorimeter devices have been provided 
which have utilized either a hot crucible such as quartz, 
platinum, and refractory oxides or a cold crucible such 
as skull melting using actively cooled copper or tung- 
sten crucibles. However, due to contact with the con- 
tainer wall, crucibles often introduce contamination 
into the samples which influence the measured proper- 
ties. Therefore, techniques which use hot crucibles are 
limited to non-reactive metals and alloys. Furthermore, 
since crucibles are more likely to interact with reactive 
metals and alloys at higher temperatures, calorimeters 
using hot crucibles are generally limited to tempera- 
tures below twelve hundred degrees centigrade. To 
avoid contamination at temperatures above twelve hun- 
dred degrees centigrade, cold crucibles employing vari- 
ous skull melting techniques have been developed but 
none of the techniques offer sufficient control to serve 
as high temperature calorimeters. 

Other disadvantages of cold crucibles are the usage of 
large amounts of power, introduction of severe thermal 
gradients in the sample resulting in severe convections 
and possible high loss of low vapor pressure elements. 

To avoid the problem of contamination, the use of 
electromagnetic levitators has been proposed. How- 
ever, these devices also require large amounts of power 
and do not provide sufficient temperature control or the 
capability to measure the precise power absorbed by the 
test specimen. These devices suffer severe convection 
currents caused by thermalgradients and non-linear 
coupling and consequently high vapor losses of low 
vapor pressure elements. 

Accordingly, an important object of the present in- 
vention is to provide high temperature calorimeter ap- 
paratus which will measure thermophysical properties 
of a specimen at high temperatures with accurate test 
control. 

Yet another important object of the present invention 
is to provide a high temperature calorimeter in which a 
wide range of thermophysical properties of materials 
can be determined. 

Still another important object of the present inven- 
tion is to provide a high temperature calorimeter which 
is containerless and will avoid the contamination of the 
specimen by interaction with container walls. 

Still another important object of the present inven- 
tion is the provision of a high temperature calorimeter 
apparatus for measuring the thermophysical properties 
of materials at high temperatures having a low power 
requirement. 

Yet another important object of the present invention 
is the provision of heating apparatus for use in a contain- 
erless high temperature calorimeter in which convec- 
tion currents are reduced and in which the specimen is 
isothermal. 
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SUMMARY OF THE INVENTION 

It has been found according to the invention that high 
temperature containerless calorimeter apparatus can be 
provided by suspending the specimen in a vacuum con- 
tainer centrally between an electrode and grid arrange- 
ment wherein the specimen is heated by omnidirec- 
tional electron bombardment with accurate control. 

The apparatus is capable of accurately measuring the 
emissivity of the solid and liquid phase at various high 
temperatures for a variety of metals and alloys. Since 
the device test alloys of different and known composi- 
tions, the device can be used to accurately determine 
the equilibrium phase-diagram of many different alloys 
and the melting points of many different metals and 
alloys. The specific heat of metals and alloys at various 
temperatures for both the liquid and solid phases can be 
determined. The heat of fusion of pure metals and alloys 
of various compositions can be accurately determined. 
The device can also be utilized to accurately determine 
surface tension and the density of molten metals and 
alloys. 

BRIEF DESCRIPTION OF THE DRAWING 

The construction designed to carry out the invention 
will be hereinafter described, together with other fea- 
tures. 

The invention will be more readily understood from 
a reading of the following specification and by refer- 
ence to the accompanying drawing forming a part 
thereof, wherein an example of the invention is shown 
and wherein: 

FIG. 1 is a schematic illustration of containerless high 
temperature calorimeter apparatus constructed accord- 
ing to the invention; 

FIG. 2 is a schematic illustration illustrating an elec- 
tron bombardment heating apparatus for a containerless 
high temperature calorimeter according to the inven- 
tion; and 

FIG. 3 is a schematic plan view of an electron bom- 
bardment heating apparatus according to the invention. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

The drawing illustrates calorimeter apparatus for 
determining the thermophysical properties of materials 
which includes a vacuum container and heating cell 
apparatus A carried within the vacuum container. Sup- 
port means are provided for positioning a specimen of 
the material within the heating cell apparatus including 
means for maintaining the specimen at ground potential. 
Electron emission means included in the heating cell 
apparatus and carried therein is adapted for connection 
to a power source whereby electrons are emitted by the 
electron emission means. Grid means included in the 
heating cell apparatus is carried about the electron emis- 
sion means focusing and directing the emitted electrons 
in general alignment toward the specimen. The electron 
emission means and grid means are shaped so as to cause 
the emitted electrons to strike the specimen in an omni- 
directional bombardment pattern providing uniform 
heating of the specimen and containment of the elec- 
trons. 

A high voltage power supply is indicated at 10 such 
as a conventional electron beam power supply which 
may be normally operated at five thousand volts nega- 
tive potential. The high voltage is supplied to the heat- 
ing apparatus A by means of a pair of high voltage 
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coaxial cables 12 through a high voltage vacuum feed 
through 14 and a pair of conductive copper tubes 15 
which also serve to support the heating cell apparatus 
A. A high voltage meter 16 may be utilized so that the 
power setting may be set at a desired value. The heating 5 
apparatus A is supported in a vacuum bell jar 18 which 
is evacuated by a suitable vacuum pump 20. A sample 
specimen 22 is supported in suspended position inside 
the heating cell apparatus A by means of a cantilevered 
holder support 24 and is maintained at the ground po- 10 
tential by s support wire 26. The sample holder 24 
stands on a base 27. The holder support 24 includes a 
cantilevered arm 24a by which support wire 26 is car- 
ried and a vertical standard 24Z? attached to base 27. The 
standard 24Z? is preferably provided in two-piece con- 15 
struction wherein the two sections are connected by 
means of a suitable gear box 28 having connection to a 
control box 30 by means of a rotating high vacuum 
feedthrough 31 by which the support 24a may be 
moved up and down to vary the position of the sped- 20 
men relative to the heating apparatus and thus afford a 
degree of control over the heating and temperature of 
the specimen. 

The vacuum bell jar 18 includes a window 18a having 
alignment with an optical pyrometer 32 which may be 25 
any conventional optical pyrometer. Temperature re- 
corder 34 is connected to the pyrometer 32 for record- 
ing the temperatures of the specimen. Temperature 
recorder 34 may be any suitable analog or digital re- 
cording volt meter. 

The power supplied to the sample specimen 22 can be 
accurately determined by reading high voltage meter 16 
and the current flowing through the specimen by am- 
meter 36 which can also be supplied with a recorder in 
the form of a suitable current recorder which may be 35 
any suitable analog or digital recorder. The current 
supplied to the specimen flows through ground wire 26 
which is terminated outside the bell jar by means of a 
high vacuum feedthrough 40 and electrical lead 26a 
which is connected through the current sensor 36 such 40 
that current flowing to ground may be recorded. 

It is preferred that the cantilevered arm support por- 
tion 24a is made from an insulating material so that no 
current will flow through the arm. Other means, as will 
be hereinafter disclosed, are provided for limiting the 45 
movement and attraction of electrons solely to the spec- 
imen 22. In this manner, power is consumed solely in 
heating specimen 22 substantially reducing any waste of 
power resulting in achieving high specimen tempera- 
tures at low power requirements. Current recorded at 50 
38 will be essentially solely due to electrons striking the 
sample specimen during bombardment and, hence, the 
heating of the specimen will be directly proportional to 
the measured current and power. 

Referring now to FIG. 2, the heating apparatus A is 55 
disclosed in more detail as including an annular cathode 
element 42 connected to high voltage power source 10 
by means of coaxial cables 12, 12a and tubes 15, 15a 
which heats the cathode filament to incandensence. 
Thermionic electrons emitted by the cathode are trans- 60 
ferred to the sample specimen 22 which is at ground 
potential. The bombarding electrons 44 striking the 
specimen are omnidirectional, as will be apparent here- 
inafter, and provide for a uniform heating of the sample 
with only a small thermal gradient. The electrons strik- 65 
ing the specimen are focused or directed in general 
alignment therewith by a collimating grid means 46 
which is held at the same negative potential as the cath- 
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ode filament 42 by means of connection with incoming 
negative coaxial lead 12 and corresponding tube 15 at 
terminal 46a. The bombarding electrons are prevented 
from heating and melting the specimen supporting wire 
26 by the utilization of the collimating grid 46 and an 
equipotential grid 48 which serves as grid container for 
the collimating grid and cathode. The equipotential grid 
48 is maintained at the same negative potential as grid 46 
and cathode 42 by means of connection with the incom- 
ing coaxial lead 12 and tube 15 at terminal 48a. The 
equipotential grid prevents the loss of electrons and 
subsequent heating of specimen support 24 and bell jar 
18. Grids 46 and 48 are preferably constructed from a 
mesh material such as stainless steel and supported in 
their relative spacing by tube 15 within vacuum jar 18. 

As illustrated, the cathode element 42 is advanta- 
geously formed as a ring-shaped element from any suit- 
able material such as tungsten and is carried and posi- 
tioned within the collimating grid 46 as illustrated being 
substantially enclosed therein. The collimating grid 46 
is likewise toroidial shaped having an annular slot open- 
ing 46Z? formed in the inner annular periphery thereof 
through which the electrons are focused for bombard- 
ing the specimen. This form of the collimating grid has 
been found to provide exceptional results in focusing 
the electrons on the specimen during bombardment so 
as to avoid electron loss and subsequent striking of the 
support wire and other associated parts of the appara- 
tus. 

30 The temperature of the specimen can be accurately 
measured by the pyrometer and recorded. Slits 46c and 
48c formed in the collimating and equipotential grids 
provide means for viewing the specimen through the 
window 18a by the pyrometer for temperature measure- 
ment. The heating power supplied to the specimen can 
be accurately determined by reading the high voltage 
meter 16 and the current flowing into the specimen by 
means of ammeter 36. Since the electrons which strike 
the sample are effectively prevented from flowing to 
ground except through ground wire 26 the measured 
current at detector 36 accurately reflects the power 
absorbed by the specimen as it is heated. The current 
conducted through the specimen is continuously re- 
corded on recorder 38. From this information, the ther- 
mophysical properties of the specimen may be deter- 
mined from known expressions and calculations. 

The size and shape of the specimen is not critical and 
can be used in the form of wires, cylinders, disks, but- 
tons, or spheres. The specimen support wire 22 consists 
of a high purity metal of one of the constituent ele- 
ments. For Example, for making measurements on pure 
niobium and niobium alloys high purity niobium wire is 
used. The specimen sample can be attached to the sup- 
port wire by several convenient means including spot 
welding or cutting a friction fit mortar slot into the 
sample. The temperature of the sample specimen can be 
accurately controlled by the use of the voltage and 
emission current controls on the power supply 10 and 
by the location of the specimen in the heating apparatus 
by the use of gear box 28. 

As described previously, the high temperature calo- 
rimeter is capable of measuring the equilibrium thermo- 
dynamic parameters listed in the summary of the inven- 
tion. To use the apparatus, the sample 22 is placed 
within the cell and heated to any desired temperature. 
Temperatures up to 3400 degrees centigrade have been 
obtained with the apparatus. In one example, a niobium- 
germanium alloy was tested consisting of 18 percent 
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germanium wherein the specimen was heated through 
melting phase (approximately 2070 degrees C.) with a 
power consumption of approximately 18 watts. 

To determine the emissivity of the sample, pyrometer 
32 is used to determine that the sample is at a thermal 5 
equilibrium and is neither melting or freezing. At ther- 
mal equilibrium, this emissivity can be calculated by 
setting the power (watts) used to heat the specimen, 

; which may be determined from the measurement of 
voltmeter 16 and ammeter 36, equal to a calculated 10 
value for the heat loss rate due to thermal radiation 
which may be calculated from a known expression for 
grey body radiation. The emissivity determined by this 
method must be used to determine the true temperature 
of the sample since the pyrometer measures only the 1 ^ 
“brightness” temperature. This technique can be used to 
measure the emissivity of both the solid and liquid pha- 
ses. The emissivity of the material can be measured at 
different temperatures by changing the temperature of 
the sample to a higher or lower value. 

Once the emissivity of the material is known, the 
specific heat of the solid material can be determined by 
slowly heating the sample and simultaneously measur- 
ing its rate of temperature change and the power pr net 
heat absorbed by the sample. The melting temperature 
of the sample can be determined by visually monitoring 
the temperature where melting begins or determining if 
there is a sudden decrease in the rate of temperature 
change. If the composition of the alloy is previously 
known by chemical analysis, the high temperature equi- 
librium phase diagram can be determined by using the 
samples of various compositions. 

The heat of fusion of the metal or alloy can be deter- 
mined by accurately determining the power absorbed 35 
by specimen 22 , the total time required for melting to 
take place, and the mass of the sample. The specific heat 
of the liquid phase can be determined at the completion 
of melting by determining the sudden increase in the 
rate of temperature change. This procedure works well 4 Q 
if the melting temperatures of the alloy being investi- 
gated is less than the melting point of the wire support. 

The surface tension of the molten metal or alloy can 
be measured by determining the critical mass of a pen- 
dulant drop which forms and is released by the support 45 
wire. An estimate of the density of the molten liquid can 
be made by photographing the pendulant drop using a 
camera of known magnification. This same photograph 
can also be used to determine the surface tension of the 
molten metal or alloy by the pendulant drop technique. 50 
While a preferred embodiment of the invention has 
been described using specific terms, such description is 
for illustrative purposes only, and it is to be understood 
that changes and variations may be made without de- 
parting from the spirit or scope of the following claims. 55 
What is claimed is: 

1. Calorimeter heating apparatus for heating a speci- 
men of a material in a calorimeter device for determin- 
ing thermophysical properties of the material, compris- 
ing: 60 

a vacuum housing; 

an annular cathode element carried in said vacuum 
housing adapted for connection to a high voltage 
power source whereby electrons are emitted from 
said cathode element; 65 

support means for supporting specimens of different 
shapes and sizes closely adjacent said cathode ele- 
ment for bombardment by said emitted electrons; 
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annular collimating grid carried adjacent said cath- 
ode element generally surrounding said cathode 
means so as to fociis and direct the emission of 
electrons in general alignment toward said speci- 
men for bombardment; 

equipotential grid means substantially enclosing said 
collimating grid means and cathode element con- 
taining said emitted electrons to prevent the loss of 
emitted electrons and any bombardment and heat- 
ing of said support means and associated structure 
affording accurate heating of said specimen, said 
equipotential grid means including an opening 
through which said specimen may be inserted and 
positioned by said support means for heating; and 
said cathode element, collimating grid, and equipo- 
tential grid being operatively connected to com- 
mon ground potential. 

2. The apparatus of claim 1 wherein said collimating 
grid means has a toroidal shape and includes an annular 
slot opening around an inner periphery thereof, said 
annular slot opening around an inner periphery thereof, 
said annular cathode element being received in said 
toroidal grid element so as to emit electrons outwardly 
through said slot opening, and said specimen being 
supported in an open central portion of said toroidal 
grid means and annular cathode element whereby elec- 
trons strike said specimen in an omnidirection bombard- 
ment pattern providing uniform heating of said speci- 
men. 

3. The apparatus of claim 1 wherein said equipotential 
grid means includes a cylindrical grid element and said 
opening thereof is formed as a central aperture in an end 
surface thereof through which said specimen is sup- 
ported. 

4. The apparatus of claim 1 including viewing means 
formed in said housing and said collimating and equipo- 
tential grid means affording viewing of said specimen 
from outside said heating apparatus. 

5. The apparatus of claim 1 wherein said support 
means includes a vertically adjustable support member 
by which said specimen is supported affording a desired 
vertical positioning of said specimen relative to said 
cathode means. 

6 . Calorimeter apparatus for determining thermo- 
physical properties of a material comprising: 

a vacuum housing; 

a heating cell carried in said housing; 
support means for supporting specimens of said mate- 
rial of different shapes and sizes in said heating cell 
and including suspension means for suspending said 
specimen within said heating cell and maintaining 
said specimen at ground potential in a manner mini- 
mizing thermal gradients and maintaining said 
specimen substantially isothermal; 
electron bombardment means carried within said 
heating cell for heating said specimen; 
power source means connected to said electron bom- 
bardment means; 

temperature detecting means for measuring the tem- 
perature of said specimen; and 
current detecting means electrically connected with 
said suspension means and specimen for measuring 
the electrons striking said specimen. 

7. The apparatus of claim 6 including grid means for 
focusing electrons emitted by said electron bombard- 
ment means in general alignment toward said specimen 
in an omnidirectional bombardment pattern and for 
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limiting the movement of electrons so as to prevent the 
striking of said support means and the like. 

8. Calorimeter apparatus for determining the thermo- 
physical properties of materials comprising: 
a vacuum container; 5 

heating cell apparatus carried within said vacuum 
container; 

support means for supporting specimens of said mate- 
rial in different shapes and sizes and positioning a 
specimen within said heating cell apparatus; 10 

electron emission means included in said heating cell 
apparatus and carried within said cell apparatus 
adapted for connection to a power source whereby 
electrons are emitted by said electron emission 
means; 15 

grid means included in said heating cell apparatus 
carried about said electron emission means focus- 
ing and directing said emitted electrons in general 
alignment toward said specimen; 
said support means including suspension means for 20 
positioning said specimen entirely with said grid 
means and grounding said specimen resulting in 
reduced thermal gradients and maintainence of said 
specimen substantially isothermal; and 
said electron emission means and grid means being 25 
shaped so as to cause said emitted electrons to 
strike said specimen in an omnidirectional bom- 
bardment pattern facilitating uniform heating of 
said specimen and containment of said electrons 
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avoiding bombardment and loss of electrons 
through said support means. 

9. The apparatus of claim 8 including temperature 
detecting means for measuring the temperature of said 
specimen. 

10. The apparatus of claim 9 including current detec- 
tor means for measuring the electron flow through said 
specimen to ground. 

11. The apparatus of claim 8 wherein said support 
means includes an adjustable support mernber for ad- 
justing the position of said specimen relative to said 
electron emission means affording control over the 
temperature of said specimen. 

12. The apparatus of claim 8 wherein said electron 
emission means includes an annular cathode element 
circumscribing said specimen. 

13. The apparatus of claim 12 wherein said grid 
means includes a toroidal-shaped grid element having 
an annular slot opening in the inner periphery thereof 
and said annular cathode element being received within 
said toroidal grid element so as to emit electrons 
through said slot opening toward said specimen. 

14. The apparatus of claim 12 including a second grid 
means substantially enclosing said first mentioned grid 
means and said cathode means having an opening 
through which said specimen may be inserted and sup- 
ported. 

* ♦ ♦ ♦ * 
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